Introduction
Guar [Cyamopsis tetragonoloba L. (Taub) ] is commonly known as clusterbean. It is best adapted to tropical and subtropical regions. Due to high drought and salinity tolerance (Francois et al., 1990; Ashraf et al., 2005) , guar could be a valuable alternative crop for the exploitation of the semiarid environments (Losavio et al., 1995) , where high temperature, poor erratic rainfall and elevated water and salt content do not allow the cultivation of many crops. Being a legume, it has good capability to fix atmospheric nitrogen (Elsheikh and Ibrahim, 1999) . It is the potential vegetable cum industrial crop grown for its tender pods for vegetable and for endosperm gum i.e. galactomannan (22-33%) (Gresta et al., 2013) and for guar meal (Singh et al., 2014) . This endosperm gum is used in textile, paper, pharmaceutical, neutraceutical, cosmaseutical and petroleum industries. It is grown primarily for gum purpose. India ranks first among the guar producing countries and contributes around 80% share of the worlds' total production. Though the crop is popular in Mediterranean and sub-tropical regions of the world, its spread is less in semi-arid environments. Hence, efforts are on to introduce guar crop in semi-arid tropical (SAT) climate under rainfed conditions especially for galactomannan purpose (Ramanjaneyulu et al., 2016) . Though, this crop is photosensitive and highly sensitive to winter temperatures, the climatic conditions in semi tropical climate are favourable to the crop, thus, it can be grown throughout the year. While introducing a crop and testing its suitability, identification of high yielding variety is utmost important. In view of this fact, we felt it was important evaluate few released guar varieties agronomically and genetically and identify suitable ones for rainfed conditions under semi-arid climate on Alfisols. 2 ) was maintained. A fertilizer dose of 20 kg N, 40 kg P 2 O 5 and 30 kg K 2 O ha -1 through urea, single super phosphate and muriate of potash was applied as basal. Besides, seed inoculation was done with Rhizobium biofertilizer as it is a non-traditional crop in the region. The crop was kept weed free by spraying a preemergence herbicide pendimethalin @ 0.75 kg a.i ha -1 followed by two hand weedings at 30 and 45 days after sowing. Harvesting was done by uprooting the plants from net plot of each treatment followed by drying in the sun for a week and then pods were threshed to get seed. Seed from each net plot treatment was weighed and converted into tonnes per hectare (t ha -1 ).
Materials and Methods

Experimental details and agronomic management
Chemical analysis
Initial soil available N, P, and K were estimated using alkaline permanganate method (Subbiah and Asija, 1956) , Olsens' method (Olsen et al., 1954) and ammonium acetate method (Jackson, 1973) , respectively. N, P and K content in the straw and seed samples were determined by micro-kjeldhal method (Piper, 1966) , vanadomolybdo phosphoric yellow color method and flame photometer method (Jackson, 1973) , respectively. Nutrient uptake by seed or straw was calculated as a function of nutrient content (%) and grain or straw yield. The protein content in the seed was calculated by multiplying nitrogen concentration with a factor 6.25 (AOAC, 1960) . 
Climate data
Statistical analysis
The data on all growth and yield traits, yield, quality and nutrient uptake were analyzed by using F-test as per the procedure given by Gomez and Gomez (1984) . The estimates of PCV and GCV were classified as low (< 10%), medium (10-20%), and high (> 20%) and heritability estimates (broad-sense) for yield components were done following Singh and Chaudhary (1985) . Genetic advance was estimated and categorised as > 20% = high; 10-20% = moderate; less than 10% = low as per the method given by Johnson et al., (1955) . The genotypic and phenotypic correlation coefficients were calculated using the method of Al-Jibouri et al., (1958) . The cause and effect relationships were estimated as per the procedure given by Dewey and Lu (1959) .
Results and Discussion
Agronomic evaluation of guar varieties
Agronomic evaluation revealed that significant variation existed among varieties for different morphological and yield traits studied (Table 2) (Table 3) . Earlier, Meena (2014) reported significantly higher NPK uptake, net returns and B: C ratio in RGC-1025 variety among the varieties under test. Review of published work internationally revealed that, of the four varieties viz., Esser, Kinman, Lewis and Santa Cruz tested in a Mediterranean environment in South Italy, Lewis and Santa Cruz were found to be most productive ones (Gresta et al., 2013) due to tallness, more dry matter production and 1000 seed weight besides longer duration. Among three varieties viz., 2/1, Mills and Brooks varieties studies in Bahawalpur, Pakistan, the variety "2/1" with more no. of branches and pods and 1000 seed weight, has significantly outyielded the other two varieties (Mahmood et al., 1988) . Literature in India over the years inferred that guar variety RGC-986 produced significantly more number of yield attributing characters thus higher grain yield than RGC 1003, RGC-1017 and RGC-936 varieties (Choudhary et al., 2006) . The variety RGC-197 produced significantly higher seed yield than RGC-936 and RGC-986 (Sharma and Nehara, 2004) . Choudhary et al., (2004) found that out of 28 genotypes, the highest average seed yield was recorded with RGC-1012. A variety RGM-112 gave significantly higher mean seed yield as against the check RGC 936 and HGS 365 in the co-ordinated experiments (Bhansali and Bhandri, 2004) . Thus, most of the literature shows that it is the inherent ability of a variety to produce better morphological and yield attributes thus seed yield.
Genetic analysis of guar varieties
The extent of variability for any character is very important for the improvement of a crop through breeding. The variability of the characters is measured by mean, range, Genotypic Coefficient of Variation (GCV), Phenotypic Coefficient of Variation (PCV), Heritability (h 2 b), Genetic Advance (GA) and GA as percentage of mean. In the present study, the variability in the characters were assessed using all these statistics and are presented in Table 4 . Good amount of variation was observed for all the traits except for harvest index. All the traits expressed high phenotypic and genotypic variances except for branches plant -1 , 1000 seed weight and harvest index. PCV and GCV were lower for 1000 seed weight. PCV was higher than GCV for all the traits studied indicating the presence of environmental influence on the expression of these traits. Majumder et al., (2008) reported similar result in case of spring wheat. Heritability was high for plant height and branches plant -1 . The result is in agreement with Sultan et al., (2012) who reported similar results in guar. Low heritability value was observed for 1000 seed weight indicating that this character had more of environmental influence. Similar such observations were earlier made in guar by Morris (2010) and Manivannan et al., (2015) . Heritability estimates along with genetic advance will be more useful in predicting the effect for selecting the best individual. The analysis of GA as percentage of mean was high for the characters such as plant height, seed yield, biomass yield and biological yield indicating selection based on these traits yield good results.
It is desirable for a plant breeder to know the extent of relationship between the yield and its various components which will facilitate the breeder in selecting plants of desirable characteristics. The phenotypic and genotypic correlation coefficients studied for all the traits are presented in Table 5 . For majority of the traits, the genotypic correlation coefficients were higher than the phenotypic correlation coefficients. These results suggest that number of clusters plant -1 , pods plant -1
and branches plant -1 and harvest index had high phenotypic and genotypic correlation coefficients with yield. Pods plant -1 had high positive correlation with biological yield and clusters plant -1 . The correlation of pods and clusters plant -1 with branches plant -1 was highly significant and positive. 1000 seed weight had recorded significant and positive correlation with biological yield, but, it had very low heritability and genetic advance. On the otherhand, plant height had negative correlation with yield attributes and yield. Furthermore, harvest index is negatively correlated with plant height, 1000 seed weight and biomass yield. Singh et al., (2004) , Vir and Singh (2015) , Saini et al., (2010) and Manivannan et al., (2015) have reported similar relationships among yield components and with yield itself in guar. This suggests that, in guar, genotypes with short height but with more number of branches plant -1 produce higher yield.
Path coefficients have been used in several crop species to provide information on interrelationships of complex characters and also to develop selection criteria. The relationship between yield and yield components may be positive or negative but it is the net result of direct effects of that particular trait and indirect effects through other traits. Hence, it is necessary to determine the path coefficients which position the observed correlation into direct and indirect effects and also reveals the cause and effect relationships between yield and their related traits.
The genotypic path matrix of seed yield indicated high positive direct effect of biological yield (0.7417) and biomass yield (0.4414) on seed yield (Table 6 ; Fig.1 ). However, branches plant -1 , clusters plant -1 and pods plant -1 had correlated indirectly to the seed yield.
Harvest index contributed maximum indirect effects to this trait. Crippa et al., (2009) reported similar finding in lentil. In guar, it is observed that the improvement for the yield could be achieved by applying selection pressure through indirect selection of pods plant -1 , clusters plant -1 and branches plant -1 . Sheela et al., (2014) reported that pods plant -1 was the primary selection factor in their studies aimed at increasing yield in guar.
Results of our two year study clearly indicated that the variety RGC-936 is found agronomically and genetically superior as it produced higher yield traits such as branches, pods and clusters plant -1 thus seed and biological yield. Furthermore, all the traits under study expressed high GCV indicating good selection response.
Though, high heritability coupled with genetic advance was observed for traits such as plant height, seed and biomass yield, there was a negative correlation between seed yield and plant height. Hence, plant breeders have to design breeding programmes based on no. of pods, clusters and branches plant -1 which have positive association and direct contribution to yield in guar.
